Abstract. Patients undergoing resection of hepatic metastases of colorectal cancer have a high risk of extrahepatic recurrence, most likely caused by early tumor cell dissemination or the manipulation of liver tumors during surgical resection. Using immunocytochemistry, we studied 47 patients for cytokeratin (CK)-positive (+) cells in: a) bone marrow (BM) samples to determine whether tumor cell dissemination had already occurred before surgery; and b) blood samples directly taken from the hepatic vein before and during surgery of liver metastases. In addition, normal and malignant liver tissues were evaluated for markers known to be involved in tumor progression and metastasis [urokinase plasminogen activator (uPA), Her-2/neu, epidermal growth factor receptor (EGF-R)] using sandwich enzyme immunoassays. CK + cells were detected in the BM of 26/47 patients (55%), in blood samples of 14/47 patients (30%) before surgery and 11/47 patients (23%) during surgery with a median detection rate of 1 (range, 1-14) CK + cell per 4x10 6 MNC. No CK + cells were found in 15/47 patients (32%) in any sample studied. Tumor tissue was obtained from 32/47 patients and normal liver tissue from 24/32 patients. While no differences were found for EGF-R and Her-2/neu, a 9-fold higher expression of uPA could be demonstrated in tumor tissue of 20/32 patients (63%) compared to normal liver tissue. When all obtained results were correlated with clinical outcome, neither the detection of CK + cells nor the expression pattern in the tumor tissue, or the combination of both, was predictive for extrahepatic recurrence or overall survival after a mean observation time of 43 months (range, 26-54 months). Although uPa is overexpressed in liver metastases of colorectal cancer, and dissemination of CK + cells during surgery of these metastases is a frequent event in colon cancer, these findings do not predict extrahepatic recurrence. Further characterization of single cells, especially those spread during surgery, will help to identify those patients with an increased risk of later relapse.
Introduction
Taken together, tumors of the colon and rectum represent the second leading cause of cancer deaths in Western societies. Patients presenting with resectable tumors are considered to have a low risk of tumor recurrence. However, 30-40% of these patients with surgically resectable tumors subsequently develop metastases both locally and at distant locations (1,2). The major reason for relapse seems to be the hematogenous or lymphatic spread of occult tumor cells, which can arise before diagnosis at an early stage of primary tumor growth or occurs during the manipulation of tumors during surgical resection. Since this tumor cell spread is regularly underestimated by currently available clinical and pathological staging procedures, sensitive immunohistochemical and molecular techniques were developed to facilitate the detection of isolated carcinoma cells in blood, bone marrow (BM) or lymph nodes using monoclonal antibodies (Mab) against epithelium-specific proteins (3, 4) . CK + cells were detected in the BM of patients with colorectal cancer, and their presence has been associated with a significantly higher relapse rate (5, 6) . Furthermore, CK-20 RT-PCR transcripts in peritumoral histopathologic tumor-free (pN0) lymph nodes of colorectal cancer patients were shown to be an independent prognostic factor for overall survival (7, 8) . CK-20 RT-PCR transcripts were even found in the blood and BM during surgery of colorectal cancer (9) .
One of the major metastatic sites in colon cancer is the liver, as a result of the portal venous drainage of the gastrointestinal tract. Since liver mobilization is essential for the occlusion of liver vessels, the no-touch resection technique cannot be applied. Thus, these patients have a high (11) , studying tumor cell dissemination in blood taken from these catheters during surgery should be more precise.
Using an immunocytochemical standard method proven to be reliable and sensitive for the detection of rare CK 8-, 18-, and 19-positive cells in a variety of solid tumors (3,5), we analyzed the extent of these cells in BM samples before surgery and in blood samples directly taken from the hepatic vein before and during surgery of colon cancer patients undergoing resection of hepatic metastases. Applying enzyme immunolinked assays (ELISA), normal and tumor liver tissues were analyzed for the expression of the urokinase plasminogen activator (uPA), Her-2/neu and epidermal growth factor receptor (EGF-R), known to be involved in tumor progression and metastasis (12) (13) (14) . The purpose of this study was to determine whether tumor cell dissemination of CK + cells during surgery can predict extrahepatic recurrence.
Patients and methods

Patients.
A total of 47 patients (25 male; 22 female) with a median age of 61 years (range, 33-88 years) and newly diagnosed hepatic metastases of colorectal cancer were included in the study after written informed consent. The primary colon carcinomas were staged as T 2-4 N 0-2 M 0-2 . The mean observation time was 43 months (range, 26-54 months).
Study design. BM taken before surgery of liver metastases was analyzed for CK + cells to determine whether dissemination of these cells had already occurred. To study dissemination during surgery, blood samples were taken directly from the hepatic vein during surgery. Results were compared to blood samples from the hepatic vein taken before surgery. In order to characterize liver metastases, normal liver and tumor tissue were analyzed for expression of uPA, Her-2/neu, and EGF-r known to be associated with an increased risk for progression in colorectal cancer.
Bone marrow samples. BM samples (10 ml) were obtained after induction of general anesthesia by aspiration from both iliac crests by needle aspiration under the conditions of normal coagulation parameters.
Blood samples. Blood samples (27 ml) were taken from the hepatic vein before and during surgery.
Preparation of bone marrow and blood. Mononuclear cells (MNC) were isolated from heparinized BM (5000 U/ml BM) and blood (EDTA) by Ficoll-Hypaque density gradient centrifugation (density 1.077 g/mol; Pharmacia, Freiburg, Germany) at 400 x g for 30 min. Interface cells were washed (400 x g for 15 min) and resuspended in phosphate-buffered saline (PBS). A total of 6-8x10 6 cells (1x10 6 per slide) of each BM aspiration were directly spun onto glass slides (400 x g for 5 min) coated with poly-L-lysine (Sigma, Deisenhofen, Germany) using a Hettich centrifuge (Tuttlingen, Germany).
Preparation of liver tissue specimens. The frozen specimens were sliced into small pieces, weighed and supplemented with cold buffer containing 10 mM Tris-HCl (pH 7.4), 1.5 mM EDTA, 10% glycerol, 0.1% sodium azide and an effective cocktail of protease inhibitors (0.5 μg/ml leupeptin, 1 μg/ml pepstatin and 0.2 mM pA-PMSF). After homogenization on ice using a Polytron homogenizer (30 W, Sonifier B-12; Branson Sonic Power Company, Danbury, CT, USA) with two 5-sec bursts at half speed (setting 6), 50 μl of the homogenate was mixed with 10 μl PBS containing 6% Triton-X-100 and incubated for 5 min at room temperature. Subsequently, the samples were centrifuged at 14,000 x g for 10 min, and the protein content of the supernatant was determined according to Lowry et al, using bovine serum albumin as a standard (15) .
Immunocytochemistry. After air drying overnight, staining for CK + cells was performed as described (16) using the Epimet ® kit (Micromet, Munich, Germany). The detection of epithelial cells using this kit is based on the reactivity of the murine Mab A45-B/B3, directed against a common epitope of CK polypeptides. The kit uses Fab fragments of the pan- Table I . Comparison of cytokeratin-positive cells in blood and bone marrow samples of patients with liver metastases of colorectal cancer. Table II . Distribution of cytokeratin-positive cells in bone marrow and blood samples taken before and during surgery. To determine the EGF-r, protein (40 μg) from the liver tissue preparations were used with the sandwich type immunoassay (Oncogene Science), which utilizes a mouse Mab as a detector. Both capture and detector reagents specifically recognize the extracellular domain of the EGF-r. Values exceeding the 3-fold standard deviation value of normal liver tissue results were defined as overexpression of EGF-r.
Protein (40 μg) from the liver tissue preparations were used to determine uPA with the uPA sandwich enzyme immunoassay (Oncogene Science), which utilizes two Mabs to human uPA as the capture reagents, immobilized on the interior surface of microplate wells. According to the distributors' recommendations, the cut-off values were defined at 1500 pg/ml for male and 2100 pg/ml for female patients.
Evaluation of data and statistics. Patients were evaluated as tumor cell-positive if at least one CK + cell was detected as analyzed by immunocytochemistry. The Mann-Whitney rank-sum test was used to calculate the data of the ELISA assays. --------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------- compared in both patient groups. Eleven patients were lost in follow-up, 3 are alive with recurrence and 3 died of surgical reasons.
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Distribution of EGF-r, uPA and Her-/neu in normal and tumor liver tissue.
We further analyzed normal and tumor tissue of the liver for the expression of uPA (Fig. 1) , EGF-r (Fig. 2) and Her-2 neu (Fig. 3) . Tumor tissue could be obtained from 32/47 patients and normal liver tissue from 24 of these 32 patients. Whereas no differences were found for EGF-R and Her-2/neu, uPA was markedly enhanced in tumor tissue of 22/35 patients (mean, 283 pg/ml; range, 88-765 pg/ml; p≤0.001) compared to normal tissue (mean, 2561 pg/ml; range, 204-5864 pg/ml).
EGF-r was not found to be significantly higher in normal tissue (mean, 647 ng/ml; range, 275-1400 ng/ml) compared to tumor tissue (mean, 210; range, 5-1136 ng/ml; p≤0.001). Although the mean values for Her-2/neu in normal tissue (mean, 0.609 ng/μg; range, 0.306-0.903 ng/μg) were comparable to those in tumor tissue (mean, 0.595 ng/μg; range, 0.156-1.512 ng/μg), significant differences in expression were found in 15/32 (47%) patients. A comparison of normal and malignant tissue in these 15 patients resulted in markedly higher Her-2/neu values in normal tissue in 9/15 patients (60%), and markedly enhanced values in tumor tissue were found in 6/15 patients (40%).
When all obtained results were correlated with clinical outcome, neither the detection of CK + cells nor the expression pattern in the tumor tissue, or the combination of both, was predictive for extrahepatic recurrence or overall survival (Table IV) .
Discussion
Despite a potential curability rate of ≥70% for patients suffering from colon cancer, the overall 5-year survival rate is just over 30% (1, 2) . Although many patients present with tumors that are surgically resectable, a large number of patients die from recurrent disease after apparently curative surgery. Due to the development of surgical resection techniques, even a small number of patients with recurrent disease may be cured by salvage resection of pulmonary or hepatic metastases. A bi-institutional analysis documented that patients with low tumor load are the best candidates for repeat liver resection and postulated liver resections that are safe for colorectal liver metastases (18) . However, applying these techniques results in recurrences both locally and at distant locations. The main reason for relapse seems to be the hematogenous or lymphatic spread of occult tumor cells, which can arise before diagnosis at an early stage of primary tumor growth or the manipulation of tumors during surgical resection. Although a broad range of studies on tumor cell detection in the BM and blood of patients with solid tumors have shown the significance of these cells as a predictor for decreased disease-free and overall survival (3, 4) , little is known about tumor cell dissemination during surgery.
Here, we demonstrate that although tumor cell dissemination had taken place before surgery in 55% of the patients, the spread of CK + cells during surgery of hepatic metastases seems to be a frequent event. Whether these cells are responsible for a later relapse must be determined since no differences could be obtained when the detection rate of CK + cells in the survivor group was compared with those patients who died. Similar conclusions were demonstrated by Velms et al, who showed no correlation between CK-20 positivity in blood or bone marrow and later extrahepatic tumor recurrence (26) .
Only a few reports have previously analyzed tumor cell dissemination during surgery of colorectal cancer. The most extensive studies were performed by Weitz et al using RT-PCR for the detection of CK-20 transcripts in blood, BM and lymph nodes of patients undergoing surgery of colorectal tumors, as well as resection of liver metastases of colorectal cancer (7, 9, 10) . By analyzing apical lymph nodes, they demonstrated that lymphogenic tumor cell dissemination is a common and frequent event in colorectal cancer preceding hematogenic tumor cell dissemination (7) . Furthermore, tumor cells were detected significantly more often during surgery than before and after surgery suggesting, that liver resection carries an increased risk for intraoperative tumor cell dissemination. In a comparative analysis of tumor cell dissemination in different blood compartments, the detection rate of CK-20 RT-PCR transcripts was significantly higher in mesenteric venous blood (p<0.001) than that in central and peripheral blood taken from patients with colorectal cancer (19) . In our studies, CK + cells were more often found before surgery. The detection rate of 55% for CK + BM cells seems to be high at first view when compared to other published studies using immunocytochemistry for the detection of CK 6 MNC], double-labeling experiments for antigen characterization on the cell surface were not possible. Therefore, normal and tumor tissue of the liver were analyzed for the expression of uPa, Her-2/neu and EGF-r known to be involved in metastasis and tumor progression. While no differences were found for EGF-R and Her-2/neu, we were able to detect a 9-fold increased level of uPA in liver metastases in 13/21 patients compared to their normal liver tissue. These findings are comparable with results found in primary colorectal tumors (24) and hepatocellular carcinoma, where the overexpression of uPA has been shown to correlate with invasiveness, metastasis, and prognosis (25) .
We conclude that although uPa is overexpressed in liver metastases of colorectal cancer, and dissemination of CK + cells during surgery of these metastases is a frequent event in colon cancer, these findings do not predict extrahepatic recurrence. Further characterization of single cells, especially those spread during surgery, will help identify those patients with an increased risk for later relapse. Table IV . Correlation between increased uPA expression clinical follow-up and detected cytokeratin-positive cells after a median observation time of 43 months (range, 25-52 months). ---------------------------------------------------------------------------------------------------- 
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